Abstract. This paper sums up the results of light microscopical, ultrastructural and molecular studies of five strains of amoeboid organisms isolated as endocommensals from coelomic fluid of sea urchins, Sphaerechinus granularis (Lamarck), collected in the Adriatic Sea. The organisms are reported as Didymium-like myxogastrids. Of the life-cycle stages, the attached amoeboids, flagellated trophozoites, cysts and biflagellated swarmers are described. Formation of fruiting bodies was not observed. Although phylogenetic analyses of SSU rDNA sequences indicated a close relationship with Hyperamoeba dachnaya, our sea-urchin strains have not been assigned to the genus Hyperamoeba Alexeieff, 1923. The presence of either one or two flagella reported in phylogenetically closely related organisms and mutually distant phylogenetic positions of strains declared as representatives of the genus Hyperamoeba justify our approach. Data obtained in this study may be useful in future analyses of relationships of the genera Didymium, Hyperamoeba, Physarum and Pseudodidymium as well as in higher-order phylogeny of Myxogastrea.
The interest in amoebic diseases of invertebrates recently renewed by outbreaks associated with mass mortalities in American lobsters in Long Island Sound, USA (Mullen et al. 2004 (Mullen et al. , 2005 , as well as continuing research of Amoebic Gill Disease (AGD) in farmed fish, inspired isolation attempts focused on Paramoeba/ Neoparamoeba spp. as potential agents of infections in invertebrates including sea urchins. Mass mortalities of echinoids attributed to Paramoeba invadens Jones, 1985 infections were reported in the green sea urchin Strongylocentrotus droebachiensis along the Atlantic coast of Nova Scotia, Canada, between 1980 and 1983 (Jones 1985 .
Since the number of amoeboid organisms isolated from invertebrates and stored in culture collections is rather limited, we have characterized several strains isolated from the first set of sea urchins we have sampled thus far. None of the isolated strains could be assigned to Paramoeba/Neoparamoeba species searched for; most of isolated strains were mutually similar and interesting enough to be presented in this study.
MATERIALS AND METHODS
Five strains of amoeboid organisms presented in the study were isolated from 5 out of 34 sea urchins Sphaerechinus granularis (Lamarck, 1816) screened for the presence of amphizoic amoebae in their coelomic fluid. Strains were denominated as follows: ECH1, ECH14, ECH43, ECH 49, and ECH54. Sea urchins were collected in the Adriatic Sea, in the nearshore area of the Brać Island (Croatia), in June 2005. Sampling of sea urchins was performed using sterile disposable "self-filling" syringes with needles of 23 gauge designed for bleeding in pigs. Modified malt and yeast extract seawater agar (MY75S in the Catalogue of the UK National Culture Collection 2001) was used for isolation attempts as well as for subculturing of primary isolates, strains and clones. The strength of artificial seawater (Sea salts Sigma S9883) was lowered to 30% and the doses of the extracts to 0.05 g per litre in agar used for primary isolations and initial phases of subculturing. When the growth of bacteria, contaminating all cultures, was balanced, seawater agar with full doses of extracts was used (0.1 g per litre). Cultures were kept at 20ºC. About 20 passages were executed before the clonal procedure was completed. Subculturing was done in 10-day intervals.
Our study was aimed at establishing the identity of isolated strains. Morphology of cultured trophozoites, excystment and flagellate transformation were studied in hanging drop preparations using fluid component of the agar medium (30% artificial seawater) and directly in seawater overlay of agar plate cultures. Nomarski differential interference contrast was used to document trophozoites attached to coverslips. (Cultures with no signs of humidity on the surface of agar, in which seawater used for subculturing completely soaked into agar, are in this paper termed "dry" cultures).
In order to compare obviously inactive trophozoites (as observed in agar-plate cultures through Petri dishes), attached cells possessing flagella (as observed in hanging drop preparations), and small flagellate cells displaying fast movements, material for transmission electron microscopy was prepared under two different conditions: 1) Agar plate cultures were fixed in situ with cacodylate buffered 2.5% glutaraldehyde, pelleted, postfixed with 1% osmium tetroxide and embedded in Spurr resin. 2) Agar plate cultures were flooded with 5 ml of 30% seawater and then fixed in two steps at four time inter-vals after their flooding: 5 ml of cacodylate buffered 3% glutaraldehyde were added to the culture flooded with seawater and left to work for 15 min. After that, cells were pelleted, fixed in 2.5% glutaraldehyde for 15 min and postfixed in 1% osmium tetroxide for 45 min. In the course of dehydration, the cells were treated with 1% uranyl acetate dissolved in 75% acetone.
The procedures for cell harvesting and DNA extraction as well as conditions of PCR amplification with universal eukaryotic primers ERIB1 and ERIB10 and sequencing of cloned PCR products have been described earlier (Dyková et al. 2005a, b) . The composition of SSU rDNA sequences set (alignment A) prepared to learn phylogeny of strains under study was based on results of our own comparison of light microscopical and ultrastructural features and data obtained from studies of similar organisms (Michel et al. 2003 , Walker et al. 2003 , Walochnik et al. 2004 . After initial analysis, a refined dataset consisting of 13 most closely related sequences and 3 outgroup sequences was assembled (alignment B). SSU rDNA sequences were aligned using Clustal_X program (Thompson et al. 1997) . Ambiguously aligned positions including large introns in sequences of Fuligo septica
and D. iridis (AJ938154) were removed from analyses. The phylogenetic reconstruction of the SSU rDNA sequence data using methods of maximum parsimony (MP), maximum likelihood (ML) and Bayesian inference (BI) followed the practice applied in previous studies (Dyková et al. 2005a (Dyková et al. , 2006 . MP (heuristic search with three bisection-reconnection branch swapping; gaps as missing data; transition/transversion (Ts:Tv) ratio=1:2; bootstrap statistical support with 1 000 replications) and ML (GTR+I+Γ model of evolution; bootstrap statistical support with 500 replications) analyses were performed in the program package PAUP* version 4.0b10 (Swofford 2001) . Bayesian analysis using Markov Chain Monte Carlo techniques (GTR+I+ Γ model of evolution, 500 000 generations) was inferred with MrBayes v. 3.0 (Ronquist and Huelsenbeck 2003) . The nucleotide dissimilarities of SSU rDNA sequences (excluding introns) were calculated from alignment B (2.048 aligned sites).
Phylogenetic analyses were performed to answer the following questions: 1) What are the phylogenetic relationships among strains of amoeboid organisms isolated from sea urchins? 2) What are the phylogenetic relationships of strains from sea urchins to morphologically similar organisms? 3) How ultrastructural features discriminating newly described organisms correlate with phylogeny of organisms under study?
RESULTS

Light microscopy
Agar-plate cultures of sea-urchin strains (SUS) observed in translucent light through Petri dishes, revealed a uniform, dispersed type of growth. Several days after selected cell populations from parent culture had been transferred to a new agar plate, the surface of agar became covered by trophozoites intermingled with cysts.
The density of culture increased gradually up to day 10, when the cysts usually started to outnumber the trophozoites. The formation of fruiting bodies was not observed, not even in attempts to culture SUS using medium recommended for myxogastrids (Emerson YpSs agar 2% with modified contents of yeast protein and soluble starch).
Slight but constant difference in the size of trophozoites was observed during the long period of subculturing in one strain (ECH14/I), compared to the remaining four. The diameter of rounded cysts was 7.5 ± 0.9 µm (strain ECH14/I), 7.7 ± 1.1 µm (ECH 1/I, ECH 43/I and ECH54/I) and 8.0 ± 1.1 (ECH49/I), respectively. The percentage of slightly oval cysts was not significant in any of the strains studied.
Morphological similarity of the strains as assumed from observation of agar-plate cultures was confirmed when hanging drop preparations were studied. Contrary to trophozoites in "dry" agar-plate cultures, those washed off the agar surface and left to attach to coverslips possessed flagella (Fig. 1) . In addition to the attached, large flagellated forms, individual, small flagellated stages that moved very fast were present in hanging drop preparations. While the number of flagella could be easily distinguished in attached cells, the small size and high speed of locomotion of small flagellated stages did not permit to reveal whether they possessed more than one flagellum. The study of changes, induced by adding 30% seawater in seven-week-old culture of strain ECH49/I (containing exclusively cysts) repeated three times, revealed details of transformation of the life-cycle stages. A minimum of one third of rounded cysts changed their shape into oval within 1 hr after the seawater was added to the culture. Simultaneously, conspicuous movements inside these cysts were observed. Subsequent liberation of flagellated stages from cysts was completed in 15 min. In the culture overlaid with 30% seawater, the number of small flagellated stages grew progressively in the course of 3 hrs. Later on, small flagellated stages slowed down their locomotion, attached to the surface of agar and transformed into amoeboid trophozoites of irregular shape. The process of exflagellation was observed also in "resting" trophozoites in "dry" agar-plate cultures when covered with seawater.
Transmission electron microscopy
Trophozoites of SUS from "dry" cultures fixed in situ several times in the course of subculturing resembled those of other free-living naked amoebae (Figs. 2,  3 ). These stages, showing no flagellar activity, had smooth cell surface (Fig. 5) , finely granular cytoplasm, only rarely with signs of differentiation into granuloplasm and hyaloplasm, a single nucleus with a distinct nucleolus, numerous mitochondria with tubular cristae and a central, electron-dense core (Fig. 4) , endoplasmic reticulum and numerous food vacuoles. The outline of trophozoites was determined by pseudopodial cytoplas- mic projections, sometimes single, sometimes more numerous at the level of sectioning. Flagellar apparatus was not detected in these amoeboid trophozoites although semiserial sections of dozens of them were examined. The cell division proceeded by binary fission. Nuclear division was an open mitosis with nonpersisting nuclear envelope (Figs. 6, 7).
The uninucleate cysts ( Fig. 8 ) had a bilayered wall (Fig. 9) . The discontinuous and dishevelled outer layer covering cyst wall was observed only exceptionally ( Fig. 9 ). The release of flagellated stages seen in the light microscope was confirmed by transmission electron microscopy (Figs. 10-13 ).
The ultrastructure of amoeboid forms developed under seawater overlay corresponded to the light microscopical observation (Fig. 1) . These cells differed substantially from resting trophozoites of "dry" cultures in having flagellar apparatus. They developed into small fast-moving flagellated forms (swarm cells sensu Schuster 1965) . These swarmers did not contain food vacuoles, had a pyriform nucleus located near the tapering anterior and flagella-bearing end (Figs. 17, 18 ). The nucleus had no distinct nucleolus and its envelope displayed nuclear pores of normal structure (Fig. 23) .
Flagellar apparatus consisted of two flagella-bearing kinetosomes (KS1, KS2) and associated fibrillar and Fig. 9 . Bilayered wall in mature cyst. Fig. 10 . Section through a flagellated stage (the future swarmer) escaping from the cyst. Arrow points at the canal inside which already the two flagella can be seen. Fig. 11 . Detail of the preceding image. Arrows point at the microtubules of the inner microtubular cone (R1) closely apposed to the (continued from p. 4) nuclear envelope. Arrowhead marks a constituent of a kinetosome-associated microtubular ribbon. Fig. 12 . Another future swarmer escaping from the cyst wall. Arrow points at the future complex of kinetosomes KS1 and KS2, arrowhead marks the already formed posterior parakinetosomal structure (PPKS) next to KS2. Fig. 13 . Detail of the preceding image. Arrowhead points at the PPKS, arrow marks cross-section of rootlet R5. n -nucleus; asterisk marks the base of the anterior flagellum. Fig. 14. A cell dividing into two future swarmers. At the posterior end there are still amoeboid projections. Arrows point at the kinetosome-microtubular associations. m -mitochondria. Fig. 15 . A detail of the preceding picture, with the not yet fully formed microtubular structures. Arrowhead marks the PPKS, double arrows indicate cross-sectioned rootlet R5, thick arrow marks the rootlet R3. Microtubules of the outer cone R2 are marked by small arrows. KS1 and KS2 -kinetosomes of the anterior and posterior flagellum, respectively. microtubular structures (Figs. 15, 22, 24, 25, 27, 28) . Trophic stages possessing four flagella (obviously, stages in binary fission) that were regularly observed in the light microscope were also documented in thin sections (Figs. 14, 15 ). The two kinetosomes -given a suitable plane of section-were regularly observed at the same time. Both flagella, however, were only exceptionally seen in one section (Fig. 18) .
Structural elements associated with kinetosomes of the flagellated swarmer stage already appeared in an indefinite position in the flagellated amoeba transforming into the swarmer. During the rapid proliferation rate of cells, their cytoskeletal elements were sometimes difficult to identify and trace in the course of morphogenesis. The metamorphosed swarmers had two kinetosomes in their apex, one longitudinally oriented, bearing the anterior flagellum (KS1), and a second one (KS2) with a flagellum extending posterio-laterally. The KS2 sat with its base at the side of the anterior part of KS1. Associated with both kinetosomes were microtubules forming several systems -termed by previous authors as flagellum-cone, rootlet or outer and inner cone-and microfibrillar structures. To designate them, we use for simplicity the terminology based on Karpov and Mylnikov (1997) and Walker et al. (2003) , i.e., rootlet 1 to 5, R1 to R5, although we realise, that e.g., the outer microtubular cone (R2) is in fact no rootlet.
The base of KS1 was linked by a thin microfibrillar band with a cluster of fibrillo-granular material, the microtubule organizing centre (MTOC) (Figs. 24, 25) , from which microtubules emanate to form an inner microtubular cone around the nucleus, R1 (Fig. 16) . The anterior end of the nucleus showed a more or less marked depression (Figs. 18, 21 ), above which a mass of Golgi vesicles or small cisternae was found. The largest microtubular system associated with KS1 was the outer microtubular cone (R2 flagellar cone of Schuster 1965) . It extended in the cell periphery backwards (Figs. 16, 17, 21, 22, 28) , reaching the level of the posterior end of the nucleus. These microtubules formed a loose corset. They were widely apart (about 180 nm) at the cell circumference (Figs. 16, 27 ) but not present around the whole cell. Up to 30 microtubules could be counted at the apex (Fig. 19) of the swarmer. Thus the anterior part of the nucleus is surrounded by a double microtubular basket. A one-layered ribbon or rootlet of microtubules, R3, 8 to 10 microtubules wide, arched around the KS1, subtending there microtubules of the outer cone (Figs. 21, 22, 28) .
The KS2 was associated with two microtubular ribbons or rootlets, each bound to the opposite side of the kinetosome; one was a rootlet R4 composed of two microtubules originating at the posterior part of KS2, and crossed posteriorly the microtubules of the outer cone (Fig. 27, arrows) . The other rootlet was a onelayered ribbon of 5 to 6 rather short microtubules (R5).
The array of these cytoskeletal structures was completed by the posterior parakinetosomal structure (PPKS) (term by Walker et al. 2003) , consisting of two dense plates holding a network of fine fibres between them, the whole being attached to KS2 (Figs. 13, 26 ).
Sequence data and phylogenetic analyses
The sequences of SSU rDNA reported in this paper as newly obtained from clonal cultures of sea urchin strains are deposited in the GenBank database under accession numbers EF118757-EF118761. The length of these sequences ranged from 1910 to 1912 nt with GC contents 52.2-52.3%. The sequences of ECH49/I and ECH54/I were entirely identical; the dissimilarities calculated for sequences of these strains ranged from 0.01% (between ECH1/I and ECH43/I) up to 0.26% (between ECH1/I and ECH14/I). Within the whole dataset B (Fig. 30) , the maximum percentage of sequence dissimilarity was found between the Didymium squamulosum and D. iridis (AJ938151) strains (17.65%) ( Table 1) .
The SSU rDNA-based phylogenetic reconstructions presented in Figs. 29 and 30 have shown that SUS form a separate, well-supported group, most closely related to Hyperamoeba dachnaya. In addition, the congruence of branching pattern within the datasets A (Fig. 29) and B (Fig. 30) clearly reflected a relatedness of SUS to strains of the genera Didymium and Pseudodidymium and to several strains assigned to Hyperamoeba (Hpl, E3P and E2/8). The maximum parsimonious tree (Fig. 29) has shown that the phylogenetic relationship of SUS and all other organisms included in the dataset A (strain representatives of several well-established myxogastrid genera and of some strains assigned to Hyperamoeba) is more distant.
DISCUSSION
In the beginning, phylogenetic analyses were included in this study just to verify a supposed identity of SUS with Hyperamoeba flagellata or H. dachnaya. Progress we have made in ultrastructural study of SUS revealed that at the moment the assignment of SUS to the genus Hyperamoeba would be supported only by the close relationship of SUS and H. dachnaya in the SSU rDNA tree, while other Hyperamoeba strains clustered with representatives of other genera.
Light microscopical and ultrastructural studies revealed similarities among SUS and species of the genera Physarum Persoon, 1794 , Didymium Schrader, 1797 , Hyperamoeba Alexeieff, 1923 and Pseudodidymium Michel, Walochnik et Aspök, 2003 . Representatives of these genera have been described with special respect to their ultrastructure by Schuster (1965) , Wright et al. (1979) , Michel et al. (2003) , Walker et al. (2003) , and Walochnik et al. (2004) . To describe life-cycle stages of the organisms mentioned above, different terms have Fig. 16 . Almost longitudinal section through the swarmer. af -anterior flagellum; R2 -microtubules of the outer cone; asteriskmicrotubules of the inner cone R1. Fig. 17 . Almost longitudinally sectioned swarmer. R2 -microtubules of the outer cone; afanterior flagellum. Fig. 18 . Anterior half of the swarmer, longitudinal section. af, pf -anterior and posterior flagellum; KS1 -kinetosome of the anterior flagellum; ga -Golgi apparatus; n -nucleus. Fig. 19 . Apex of the cell forming two new swarmers with the kinetosome-microtubular complexes in formation. Only transverse sections of two KS1 are visible with distinct outer cone microtubules (R2). Fig. 20 . Anterior flagellum (af) jutting out from the apex of the swarmer. Arrow marks the grazing section of KS2. Fig. 21 . Section through the anterior end of a swarmer still with a cytoplasmic projection at left. Arrows point at microtubules of the outer cone encircling the KS1, arrowheads mark the R3 microtubules, asterisk marks the MTOC from which microtubules of the inner cone can be spotted, extending backwards; ga -Golgi apparatus. Fig. 22 . Detail of the preceding figure with the same structures. Fig. 23 . Grazing section of the nucleus. Arrows mark the pores in the nuclear envelope. Fig. 24 . Section through the apex of the swarmer with both kinetosomes visible. Arrow marks the thin microfibrillar link between the KS1 and MTOC, from which microtubules of the inner cone radiate; n -nucleus. Fig. 25 . Two kinetosomes at the apex of the swarmer. Thick arrow points at the microtubules of the outer cone, thin arrow marks the MTOC giving rise to microtubules of the R1 rootlet. Fig. 26 . Part of the apex of the swarmer showing KS2 in transverse section, the basal part of the anterior flagellum located in a pocket, PPKS, microtubular rootlet R4 (thick section) and doublet of R4. Fig. 27 . Oblique section of the swarmer. KS2 situated next to the arc of microtubules of R2, extending backward (thick arrows). Two R4 microtubules are superimposed above the R2. Fig. 28 . Apex of the swarmer with two kinetosomes. R4 microtubules extend from KS2; MTOC with radiating R1 microtubules; af -anterior flagellum; ga -Golgi apparatus. been used: a uninucleate amoeboid stage (myxamoeba, amoeba) for stages resembling trophic stages of freeliving amoebae, or, swarm cell (swarmer, amoeboid flagellate, amoeboflagellate, flagellate) for fast-moving small flagellated stages, or, cysts or microcysts for encysted stages. The organisms isolated from sea urchins concur with D. nigripes, H. dachnaya, H. flagellata and Pseudodidymium cryptomastigophorum in their ability to transform into three forms, a trophic stage (myxamoeba), a flagellate (swarm cell), and cyst. Corresponding stages were recognized easily and their ultrastructure could be compared. The formation of fruiting bodies was observed neither in SUS, nor in H. dachnaya and P. cryptomastigophorum compared in the study and cultured under different conditions, while Physarum polycephalum and D. nigripes are well known to produce plasmodia and fruiting bodies under appropriate conditions.
Looking for the possible identity of SUS, comparison of trophic (amoeboid) stages was of no great help due to changeability of these stages and transient character of their pseudopodia. Nuclear division of amoeba stages in SUS proceeded, similarly as in Didymium nigripes myxamoebae (Schuster 1965) , as an open mitosis. This does not help either in revealing the identity of SUS. The swarmer fine structure may be instrumental in revealing the taxonomic affinities of the SUS. The SUS cytoskeleton has some features in common with almost all above-mentioned organisms. They have five types of microtubular rootlets, the MTOC connected with the flagellum-bearing kinetosome and the curious posterior parakinetosomal structure. It is quite similar to what has been found in representatives of the class Protostelea (Spiegel 1981 (Spiegel , 1982 . However, swarmers of Physarum polycephalum have a rather extensive outer microtubular cone. In addition, the above mentioned group of organisms differs from protostelids by the structure of their mitochondria. In SUS, as well as in H. dachnaya, H. flagellata, Didymium spp. and P. cryptomastigophorum, mitochondria have an electron-dense core oriented in their long axis. The presence of filamentous nucleoid mentioned as a feature proper to Myxogastrea (Schuster 1965 , Guttes et al. 1966 is not in favour of SUS being related to protostelids. In spite of the fact that in the phylogenetic analyses based on SSU rDNA sequences, SUS were found to be the closest relatives of H. dachnaya, the difference in ultrastructure of swarmer stages and in the number of flagella prevent us from identifying SUS with this species. Hyperamoeba dachnaya (as well as H. flagellata with more distant phylogenetic position) was described as having one well-developed flagellum in the swarmer stage. The difference in cyst morphology (H. dachnaya bears dense outgrowths forming a surface layer of small compartments) was considered of less importance. Since also other representatives of strongly supported cluster containing SUS (Fig. 30) , e.g., D. nigripes and Pseudodidymium cryptomastigophorum, ultrastructure of which has been studied in detail, have swarmers with two flagella, a serious doubt persists whether the second flagellum could not be overlooked in Hyperamoeba spp., especially, where the presence of two kinetosomes was documented. This is an obvious question since we have experienced how decisive in understanding the ultrastructure of flagellar apparatus is the level of section and since we faced difficulties trying to obtain convincing documentation of both flagella.
In addition to the presence of one or two flagella that seems essential when relevant life-cycle stages are compared, there are also differences in microtubular rootlets associated with kinetosomes. Contrary to SUS, the rootlet associated with KS2 in P. cryptomastigophorum consists of a double layer of microtubules. Although the basic plan of the cytoskeleton is comparable, its arrangement in swarmers of H. dachnaya and H. flagellata is different.
In D. nigripes swarmers possessing two flagella like in SUS, Schuster (1965) described only the outer microtubular cone (i.e., flagellar cone). However, in his figs. 22 and 26 one can decipher below the flagellum-bearing kinetosome a MTOC, from which microtubules of the inner microtubular cone radiate. Thus it is quite probable that the other constituents of the cytoskeleton were also present, considering that Schuster (1965) in the same paper also published electron micrographs of Physarum polycephalum in which he did not reveal all rootlets described in P. polycephalum by Wright et al. (1979) .
Despite the fact that we did not observe plasmodial stages or sorocarps, i.e., spore-to-spore culturing was not accomplished in SUS, the study of ultrastructure and phylogeny revealed an incontestable kinship with Didymium. The lack of sorocarp formation was mentioned several times in myxogastrids cultured on agar Mylnikov 1997, Michel et al. 2003) , however, structurally similar fruiting bodies are considered typical feature of Myxogastrea (Frederick 1990) . We think it premature to assign the SUS strains as a species to Didymium or to establish it as a new genus. We propose for the time being to consider SUS as Didymium-like myxogastrids and postpone establishment of new genus or species until ultrastructural studies of other phylogenetically related organisms are completed. This should also include the comparison of SSU rDNA based phylogeny with phylogeny inferred from different molecular markers (Fiore-Donno et al. 2005) . This approach might help to recognise the importance of ultrastructure of flagellar apparatus at the generic or specific level and of course also add some data to the knowledge of evolution of this apparatus.
Broad evaluation of phylogenetic relationships within datasets of mycetozoan sequences is out of the scope of this study. However, some comments can be added regarding results presented in previous papers analysing limited datasets of myxogastrids. Phylogenetic analyses supported the results obtained by Walochnik et al. (2004) . Sequences of the same Hyperamoeba strains clustered together while others formed tree branches in clusters belonging to two different orders. Re-examination of generic assignment of Hyperamoeba strains included in phylogenetic analyses is desirable in order to prepare a solid base for phylogenetic conclusions.
To the best of our knowledge, considering the most diverse microhabitats from which the compared myxogastrean strains originated, this is a first report of a myxogastrid as an endocommensal of sea urchins. Evidently, myxogastrids have a broad ecological potential, as they were already found also in mire, tree bark, horse faeces and spa bath. In this sense they may exceed other Amoebozoa or Heterolobosea. Results of this study raised questions regarding generic and species definitions and phylogenetic relationships within mixed clusters of organisms, which the study of additional species and isolates might resolve. We suppose that a revision is warranted of these myxogastrid organisms which would embrace ultrastructure, molecular analysis and certainly life cycle studies and ecological potential. The re-examination of nuclear phenomena in myxogastrids would also be worth of study. Two types of nuclear division observed in the life cycle of Didymium are quite unusual. Similarly as Didymium myxamoebae observed by Schuster (1965), trophozoites of Didymium-like organisms from sea urchins revealed an open mitosis.
